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 2013 Elsevier Masson SAS. Open access unCutis laxa is a rare disorder of connective tissue with genetic
heterogeneity following autosomal dominant, X-linked recessive,
and autosomal recessive inheritance. Autosomal recessive cutis
laxa, type 2 (ARCL2) is characterized by sagging skin, pre- and post-
natal growth deﬁciency, intellectual deﬁciency of mild to moderate
degree, large fontanelle, hip dislocation, Wormian bones, dysmor-
phic facial features, scoliosis and osteoporosis. Histological ﬁndings
include aggregation, fragmentation and clumping of elastic ﬁbers
[1,2]. It has been suggested that ARCL2 is the same entity described
under the denominations of wrinkly skin syndrome (WSS) and ger-
odermia osteodysplastica (GO). Such confusion is caused, in part, by
overlapping of the histological and clinical ﬁndings, thus nosology
remains uncertain until the deﬁnitive elucidation of the molecular
basis of these conditions. Recently, the genes ATP6V0A2, GORAB and
PYCR1, were implied in the etiological metabolic bases of ARCL2,
WSS and GO [3–5].
Three unrelated patients, two males and one female, were eval-
uated in the Service of Clinical Genetics, Department of Medical Ge-
netics – FCM/Unicamp with the diagnosis of autosomal recessive
cutis laxa type IIB (OMIM 612940). They engaged a research proto-
col initiated in 2006 which included gene sequencing of the molec-
ular basis of autosomal recessive cutis laxa known at that time.
Clinical, radiological, and histological aspects and have been previ-
ously reported in the literature [1,2].
Patient 1 was ﬁrst seen at the age of 15 days due to a senile facial
appearance and dysmorphic craniofacial features and a preliminary
diagnosis of De Barsy syndrome was considered (OMIM 219150).
Evaluation revealed hypotonia, inguinal hernias, osteoporosis,
bladder diverticula, and intellectual disability with hyperactivity.
No cataracts of choreoathetoid movements were evident during
the clinical follow up. At the last evaluation in our service, at the
age of 21 years, ﬁnal height was 158 cm and he weighted 45 kg. Se-
nile aspect was still present, although not as pronounced as in early
infancy; superﬁcial blood vessels were still visible but the skin was
less wrinkled, such aspect being more evident in the dorsa of the
hands (Fig. 1). Prognathism was accentuated and there were
crowded teeth, with need of intensive orthodontic managementder the Elsevier OA license.(Fig. 2). Intellectual development was severely impaired and he
remained poorly literate, although he presented skills to paint. He
also presented severe stuttering speech. No other signiﬁcant med-
ical intercurrence was cited two forearm traumatic fractures.
Patient 2 was ﬁrst evaluated at four months of age due to cutis
laxa over the trunk, nape and extremities. A diagnosis of De Barsy
syndrome was also proposed. She presented with hypotonia, um-
bilical and right inguinal hernias, abnormal positioning of the ﬁn-
gers and toes, and bladder diverticula. Clinical evaluation at the
age of 18 years also revealed post-natal growth deﬁciency
(136 cm, 36 kg), accentuated prognathism, and bilateral hip dislo-
cation causing accentuation of the lumbar lordosis and prominent
abdomen (Fig. 3). As in patient 1, wrinkled skin was more pro-
nounced over the dorsa of the hands, which also exhibited mainte-
nance of the camptodactyly despite a previous attempt of surgical
repair (Fig. 4). Intellectual development was moderately impaired,
with a better performance than patient 1. A mitral valve prolapsed
was found on a routine echocardiography. No other medical inter-
currence was referred.
Patient 3 was ﬁrst seen at the age of three due to a progeroid
phenotype and a diagnosis of W-R syndrome (OMIM 264090)
made by another clinical geneticist. He presented with pre and
postnatal growth deﬁciency, diffuse osteopenia, congenital hip
dislocation, and senile facies. He was periodically reevaluated for
three years, when the family decided to keep medical follow up
in another State and no further clinical data became available. At
the last examination in our service, at the age of six, he was noted
to present facial dysmorphisms including malar hypoplasia and
prognathism, and retractile left testis. Complementary studies
revealed osteopenia and he reported a fracture of the left foot after
a bicycle trauma. Wrinkled skin was more pronounced over the
trunk and extremities (Fig. 5), and he also presented camtodactyly
of the 4th left ﬁnger (Fig. 6).
Genetic studies were carried out according to institutional
guidelines and after informed consent obtained in accordance
with the Helsinki agreement. The study was approved by the Insti-
tutional Review Board, FCM/Unicamp. Direct DNA sequencing was
Fig. 1. Winkled aspect over the dorsa of the hands.
Fig. 3. Lateral view of patient 2. Note accentuation of the lumbar lordosis, prominent
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care, Buckinghamshire, UK) and the products resolved according
to the manufactures recommendations. To investigate the variants
found in our patients we performed a scan for these variants in a
control group by RFLP technique using the enzyme Bfa I for the
identiﬁcation of a p.Q10* nonsense mutation in PYCR1.
No causative mutations were identiﬁed in ATP6V0A2 and GORAB
genes, only previously described SNPs were found. On the other
hand, direct DNA sequencing in PYCR1 revealed two new variants.
Patients 1 and 2 [1] were both homozygous for a truncating muta-
tion replacing the triplet CAG of the codon 10 by TAG (c.28C > T,
p.Q10*), creating a stop codon that determined the loss of 310
amino acids. Except for the father of individual 1, who could notFig. 2. Facial aspect of patient 1 showing aged appearance and accentuated
prognathism.
abdomen, and prognathism.be studied, parents were conﬁrmed to be heterozygous carriers
for the samemutation. Since this alteration could be detected by re-
striction analysis using digestion with Bfa I, 100 unrelated healthy
volunteers were studied and all were identiﬁed with the wild type.
Patient 3 [2] showed a homozygous missense alteration
(c.722C > T; Ala241Val). Considering that the phenotype impact
caused by missense mutations are difﬁcult to predict, weFig. 4. Palmar view of patient’s 2 hands showing congenital contracture deformity of
the ﬁngers (camptodactyly).
Fig. 5. Patient 3 exhibiting wrinkled aspect of the abdomen.
Table 1
Findings in patients 1 to 3 comparedwith clinical features described in patients with
PYCR1 mutations from literature.
PYCR1 Pat. 1 Pat. 2 Pat. 3
Cutis laxa þþ þþ þþ þþ
Psychomotor retardation/intellectual
disability
þ þþ þ þþ
Seizures    
Neuropathy    
Prognathism þ þþ þþ þ
Open fontanel/late closure  þ þ þ
Hypotonia þ/ þ þ 
Athetoid movements þþ/   
Corpus callosum hypoplasia þþ/ ? ? ?
Open fontanel/late closure þ/ þ þ þ
Microcephaly þ/   
Dysmorphic features þ þ þ þ
Growth delay þ þ þ þ
Hyperlaxity of joints þ þ þ þ
Adducted thumbs/distal arthrogryposis þþ  þþ þ
Osteopenia/osteoporosis þ/ þ þ þ
Hernias þþ þ þ þ
Cataracts þ/   
Pat, patient; þ, present mild; þþ, present moderate; , absent; ?, unknown.
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this variant using MutPred, SNPs&GO, Panther, PolyPhen and Poly-
Phen2methods. Such approach revealed a possibly damaging effect
of PYCR1 gene. This alteration was investigated by direct
sequencing in 100 unrelated healthy volunteers and all were iden-
tiﬁed with the wild type.
The 241 residue is found in the helix a10 of the protein PYCR1, an
important region in the proteinwith signiﬁcant role in decamer for-
mation, surrounding the core with helices a11–a13 and making a
nesting shell. Therefore, the alteration Ala241Val could inhibit
dimerization and thus alter the binding site for cofactor and sub-
strate analog.
PYCR1 was recently identiﬁed as causing ARCL2B, WSS and also
de Barsy syndrome. Pyrroline-5-carboxylate reductase 1, located in
the mitochondria, catalyzes the last step in proline synthesis, and is
most highly expressed in bone and skin. According to the clinical
and histological features, our patients showed typical manifesta-
tions of ARCL2B, including cutis laxa, dysmorphic features, osteope-
nia, hernias, joint laxity, intellectual deﬁciency, and others similar
to those of previous reports [4,5].Fig. 6. Dorsal view of patient 3 hands showing aged appearance, prominent vessels,
and camptodactyly of the fourth ﬁnger.Clinical data at the most recent evaluation (ages 21, 18, and 6,
respectively) are summarized on Table 1 and compared to clinical
features described in patients with PYCR1mutations from the liter-
ature [6,7]. A more detailed discussion on the overlap of clinical
ﬁndings between individuals with ARCL2B presenting with muta-
tions in PYCR1 and individuals diagnosed with GO in which muta-
tions in GORAB was provided by Yildrim et al. [6] and Kouwenberg
et al. [7].
Concerning the individuals presently reported, athetosis was
absent in all three patients and hypotonia was seen in two of
them. All three subjects presented with late closure of the fontanel,
psychomotor retardation, and osteopenia, although recurrent frac-
tures occurred only in patient 1. These ﬁndings corroborates with
the papers of Reversade et al. [4], Yildrim et al. [6], and Kouwenberg
et al. [7] who also described individuals with mutations in PYCR1.
The present study revealed two new variants in the PYCR1 gene,
which may have implications in the ARCL2B. The same mutation
was found in patients 1 and 2, but the families are not related
and originated from different States in Brazil. In conclusion, ours
study brings additional information concerning the molecular
mechanism underlying this form of cutis laxa and contributes to
deﬁne the nosology of this group and, perhaps, the genotype–
phenotype correlation.
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